The nutritive value of 8 semisynthetic and 2 natural diets containing whole or dehulled white lupin seeds from three low-alkaloid varieties was evaluated in two experiments. Substituting dehulled seeds for whole seeds lowered dietary fibre in the semisynthetic diets from 112.7-122.6 to 63.3-65.0 g/kg. However, this did not lead to increased intake. True protein digestibility coefficients of the diets were similar (85.2-87.7%), irrespective of the lupin variety and presence or lack of seed hulls. A slight increase in the protein efficiency ratio (PER) from 2.16-2.19 (diet with whole seeds) to 2.33-2.38 (diet with dehulled seeds) was noted. Dehulling white lupin seeds did not improve protein digestibility or PER of natural diets containing cereals.
INTRODUCTION
Most of the carbohydrates in white lupin are non-starch polysaccharides and oligosaccharides that undergo digestion mainly in the large intestine of monogastric animals, where they are decomposed by bacterial enzymes (Brenes et al., 1993) . Utilization of energy from the terminal part of the digestive tract is negligible thus the net energy in lupin seeds is low, and does not exceed 50% of digestible energy (Taverner et al., 1983) . Because of the high concentration of polysaccharides in the seed hull, dehulling seems to be a useful method of increasing the nutritive value of lupin seeds. The chemical composition and nutritive value of low-alkaloid varieties of white lupin was studied in our previous works (Zduhczyk et al., 1996 a,b) .
The objective of this study was to examine the effect of dehulling seeds used as the only or supplementary protein source in rat diets.
MATERIAL AND METHODS

Material
The seeds of three low-alkaloid varieties of white lupin, Wat, Herman and Bardo, from the 1993 or 1994 harvests, were used in this study. Dehulling was performed on the laboratory scale using a disk mill with a wide slit and sieves facilitating manual separation of cotyledons and hulls. Both fractions were then ground using a beater mill with a 0.5 mm sieve.
Animals and diets
The experiments were conducted on 80 Wistar rats, individually housed in organic glass cages in rooms with controlled lighting (12 h), temperature (22-23°C) and relative humidity (about 70%). The experiments were performed on animals 28-30 days of age and body weight of about 65 g, allotted to groups of 4 males and 4 females.
Semisynthetic diets were used in Experiment 1. Whole or dehulled seeds of different lupin varieties were the only source of protein (Table 1 ). The proportion of lupin seeds in the diets varied and corresponded to about 10% crude protein content. The diets were supplemented with DL-methionine (2.5 g/kg). Dietary fat content was adjusted to 80 g/kg with soyabean oil.
In Experiment 2, whole or dehulled Bardo seeds were the only source of protein in semisynthetic diets or the main source of protein in natural diets containing cereals ( Table 2 ). The lysine and methionine contents in the semisynthetic and natural diets (expressed in relation to protein) were equalized by adding synthetic amino acids. The protein, lysine and methionine contents in the natural diets were in agreement with the requirements for growing pigs (Nutritional Requirements for Pigs, 1993) .
The growth test lasted 4 weeks in each experiment, and feed intake and body weight gains of rats were used to calculate the protein efficiency ratio (PER). The true protein digestibility (TD) was determined using a 5-day faeces collection in the last week of the growth test. The amount of metabolic nitrogen excreted in the faeces, 46.3 mg/animal/5 days, was adopted after Rakowska et al. (1978) . The animals were sacrificed at the end of Experiment 1, and the liver, pancreas and small intestine were excised and weighed.
Statistical analysis
The results were subjected to single factor variance analysis, using the Duncan test to assess the significance of differences between experimental groups.
RESULTS AND DISCUSSION
The nutritive value of whole and dehulled seeds of various lupin varieties (Experiment 1)
Differences among varieties in the chemical composition of seeds, including alkaloid content (Table 1) , had no effect on feed intake, protein digestibility or PER (Table 3) . PER values were similar to those obtained by Prieto and Aguiler (1986) , who used a similar methionine supplement (0.2%) to diets containing white lupin. Dehulling lupin seeds and decreasing dietary fibre from 112.7-122.6 to 63.3-65.9 g/kg was also found not to affect protein digestibility or efficiency (PER). True digestibility of lupin protein in all groups ranged from 85 to 88% and was in agreement with the results of Eggum et al. (1993) . The tendency, but not significant, for the PER to increase from 2.16-2.19 (whole seeds) to 2.32-2.38 (dehulled seeds), i.e. a 6-10% rise, was found.
Lupin variety and dehulling had no effect on the weight of rat liver or pancreas. There was, however, a difference in the weight of the small intestine. In those groups receiving diets with higher fibre contents (whole seeds) the weight of the small intestine of rats was significantly higher.
The effect of dehulling on the nutritive value of semisynthetic and natural diets (Experiment 2)
Dehulling Bardo variety seeds did not affect the consumption of semisynthetic diets in which whole or dehulled seeds were the only source of protein, or of natural diets, in which they were a supplementary protein source (Table 4) . Intake of natural diets was higher than of the semisynthetic ones, which may have been due to their higher fibre content, thus lower energy concentration. The dietary fibre content of semisynthetic diets with whole or dehulled seeds equaled (AOAC, 1975) 120 and 74 g/kg, respectively (Table 2) , while in natural diets containing about 75% wheat and barley meal, the fibre content was considerably higher (about 200 and 170 g/kg). Studies by other authors (Lopez-Guisa et al., 1988) indicate that the intake of feeds with higher fibre contents, i.e. with lower energy concentrations, usually increases. Although the natural diets were consumed in larger amounts, the body weight gains of rats were only insignificantly higher. Protein utilization of these diets was lower than in the semisynthetic ones (PER 1.52 and 1.59 vs. 2.19 and 2.35, respectively), mainly due to the higher (about 15%) level of protein in the natural diets and the concomitantly higher fibre content, which decreased the energy value of the diets. Substituting whole seeds in both types of diets with dehulled seeds led to insignificant increases in the body weight of rats, and in TD and PER. Similar small differences in the utilization of protein from whole or dehulled Effect of feeding whole and dehulled lupin seed as the only protein source in the diets (Experiment 1)* seeds by rats were found by other authors (Hove, 1974) . In an experiment carried out on young chickens by Brenes et al. (1993) , the use of dehulled white lupin seeds caused a rise in metabolizable energy of the diet by 18%, while only a 7% rise in crude protein digestibility, as compared with a diet containing whole seeds.
CONCLUSIONS
The presented experiments showed that dehulling white lupin seeds did not increase protein digestibility or the protein efficiency ratio of diets in which whole or dehulled seeds were the only protein source, or when they were only a component of natural diets containing a large proportion of cereals. Differences in the chemical composition of the seeds from different varieties, including alkaloid content, also had no effect on true digestibility and protein efficiency ratio.
